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(54) Packaging laminate having barrier properties, method of producing same and packaging 
containers prepared therewith 



(57) The invention relates to a packaging laminate 
(10) for packaging of liquid food products, comprising a 
core layer (11) and a thin, uniform barrier layer (12) of a 
liquid crystal polymer (LCP), which is substantially 
uniaxially oriented, as well as to packaging containers 
manufactured thereof and a method of producing such 
a packaging laminate. Preferably, the core layer is 
paperboard and the LCP is an aromatic copolymer 
based on p-hydroxybenzoic acid and hydroxynaphtoic 
acid (PHB/ HNA) or a copolymer from polyethylene 
terephtalate and p-hydroxybenzoic acid. Preferably, the 
barrier layer of LCP is coextrusion coated together with 
at least one intermediate bonding layer (14) on the core 



layer. As intermediate bonding layer, an adhesive poly- 
mer such as an olefin copolymer containing glycidyl- 
methacrylate monomer units is preferably used. The 
thickness of the barrier LCP layer preferably is about 2- 
10 urn. 

In order to extrusion coat a thin, even and uniform 
layer of LCP that is substantially uniaxially oriented in 
the machine direction, the pressure in the extrusion die 
is kept constant by a melt pump immediately before the 
die, which preferably is of the type internal deckle die or 
a fixed width coat hanger die. 
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Descripti n 
TECHNICAL FIELD 

5 [0001] The present invention relates to a laminated packaging material for packaging of liquid food products, com- 
prising a core layer and a barrier layer, the barrier layer comprising a liquid crystal polymer (LCP). 
[0002] The present invention also relates to a method of manufacturing the laminated packaging material of the 
invention as well as to a packaging container produced of the laminated packaging material. 

io BACKGROUND ART 

[0003] The use of polymers in package materials have increased during the last years due to the advantages of the 
plastic materials compared to other package materials, such as glass, metal etc. The polymer materials exhibit rela- 
tively low raw material and production costs, quick and simple production processes, low weight, and advantageous 

15 appearance. The use of single layer polymers has however mostly a disadvantage; a high permeability of gases and 
solvents. Metal and glass packages have therefore been able to maintain a large fraction of the food package market 
that requires good barrier properties against humidity, solvents, oxygen etc. A way of solving these barrier problems has 
been to apply coextrusion of different plastics, where the combination of the best properties of the different polymers 
are used to optimise the package material regarding barrier function and costs. 

20 [0004] Within the packaging industry, it is well known to employ laminated packaging material of a single-use nature 
for the packaging and transport of liquid foods. Normally, such laminated packaging materials are built-up from a con- 
figurationally rigid but foldabie core layer consisting, for example, of paper or paperboard in order to achieve good 
mechanical configu rational stability. Liquid-tight coatings of plastic are applied on both sides of the core layer and effec- 
tively protect the core layer of liquid-absorbing fibres against penetration by moisture. These outer layers normally con- 

25 sist of thermoplastics, preferably polyethylene, which moreover imparts excellent thermosealing properties to the 
packaging material, whereby the packaging material may be converted into finished packages possessing the desired 
geometric configuration. 

[0005] Laminated packaging materials consisting solely of paper or paperboard and liquid-tight plastic lack, how- 
ever, barrier properties vis-a-vis gases, in particular oxygen gas. This is a major drawback in the packing of many foods, 
30 whose shelf-life, flavour and nutrient content dramatically deteriorate in contact with oxygen gas. One example of such 
foods is fruit juices whose vitamin C content declines when they are exposed to oxygen gas. 

[0006] In order to provide packaging materials with gas barrier properties, in particular towards oxygen gas, it is 
known to apply a layer of, for example aluminium foil ('Al-foil'), EVOH (ethylene vinyl alcohol) or PVOH (polyvinyl alco- 
hol), on that side of the core layer which is intended to be turned to face towards the interior of the finished package. 
35 [0007] By using such laminated packaging materials, it is, thus, possible to produce packaging containers for so 
called "extended shelf life" (ESL) and aseptic packaging. 

[0008] However, the known gas barrier materials suffer from certain drawbacks. For example, in certain cases from 
the points of view of cost, the environment and recycling, it has been deemed appropriate to replace Al-foil as the gas 
barrier material in food packages. On the other hand, barrier polymers such as EVOH and PVOH, respectively are 

40 highly sensitive to moisture and rapidly lose their barrier properties towards oxygen gas when they are exposed to high 
relative humidity. This, among other things, make it necessary to surround gas barrier layers of EVOH and PVOH with 
layers of another polymer, for instance polyethylene, which is impervious to moisture. Alternatively, EVOH and PVOH, 
respectively, may be combined with one or more known polymers for forming a continuous, well-integrated layer pos- 
sessing superior gas barrier properties which are also retained at high surrounding moisture content. However, the 

45 manufacture of packaging materials including gas barrier layers with EVOH and PVOH, respectively, entails high costs 
for both material and for the production of the requisite multilayer laminate, since such gas barrier layers must be sur- 
rounded by at least one, often two rather thick protective outer layers of plastic on each respective side of the laminate. 
[0009] The main drawback with these known polymer barrier materials is, furthermore, that they are not as reliable 
as Al-foil for the purpose of aseptic packaging, nor have as good gas barrier properties as would be desired for ESL 

so packaging at economical polymer layer thickness. 

[0010] Moreover, if barrier properties vis-a-vis migrating aroma substances from the packaged product into the 
packaging material of the package walls are desired, an additional layer of a material having so-called non-scalping 
properties must be included in the laminated material, since neither EVOH nor PVOH owns such properties. 
[0011] Liquid crystal polymers, LCP, for the purpose of the present invention, are preferably stiff aromatic copolyes- 

55 ters that form liquid crystals in solution and in the melted state. The molecules can be described as rigid rods having 
aromatic blocks or segments. The aromatic segments can be easily arranged in ordered structures to provide crystalli- 
sation. A new phase is thus formed; a phase that can be described as something in between solid and isotropic liquid 
states. 
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[0012] The liquid crystal polymers, LCP, have the highest density among polymers and therefore provide the high- 
est possible polymer material barrier towards for example oxygen and moisture, as well as to various aroma substances 
in food products. They have a potential to provide a barrier equally high as that of metals, provided a very high crystal - 
Unity can be reached. At higher crystal Unities, the LCP molecules may be more densely packed together through orien- 
5 tation and thus provide a more efficient barrier towards penetrating oxygen gas molecules. The material is not sensitive 
to humidity, why the oxygen barrier is higher than that of EVOH and PVOH at high moisture content in the adjacent 
packaging material layers and surrounding air. 

[0013] However, the mett processing of liquid crystal polymers is difficult due to anisotropic behaviour. The liquid 
crystal polymer molecules will orient in the liquid state while applying forces to the polymer melt during melt processing 
10 of the polymer and it has hitherto been impossible to extrusion coat a thin, flat, even film layer of LCP onto a substrate 
web. Because the price of the LC polymers is also rather high, LC polymers have not actually been used as barrier 
materials in practical food packaging applications. 

[0014] In the prior art, films from liquid crystal polymers are generally manufactured in such a way that biaxial ori- 
entation of the polymer molecules occurs. A biaxially oriented film will have high stiffness and mechanical strength in 

75 both biaxial directions of the film, i.e. both in the machine direction (MD) and in the direction transversal to the machine 
direction (TD). The biaxial orientation must be carried out while the LCP is in the molten state, i.e. in the die or immedi- 
ately when the melt leaves the die gap. Special dies are employed to achieve this effect, such as inflation dies or counter 
rotating dies. A common way to manufacture biaxially oriented film from LCP is to extrude a tubular film through an 
annular die, the tube being stretched both in the machine and the transversal direction as it is expanded by blowing or 

20 inflation with air. 

[0015] It has hitherto been considered impossible to use a uniaxially oriented film of LCP for the purpose of pack- 
aging, since such a film of the thickness hitherto conceivable, would be too weak transversal to the machine direction 
and would split easily down the length (MD) of the film. It has up to now not been possible to extrude a thin, even, flat 
film of LCP by means of flat coat extrusion through an ordinary flat film die. Furthermore, it has also not been possible 

25 to extrusion coat a thin, even, flat film of LCP onto a running substrate web. Especially, it has not been possible to extru- 
sion coat a thin, even, flat film of LCP onto a running substrate web at an economical speed. By "thin" is preferably 
meant a thickness of less than 10 urn, more preferably from about 2 to about 8 urn, most preferably from 3 to 7 ujti. It 
has hitherto been considered necessary to pre-manufacture LCP films of economical thickness by a separate process, 
involving also biaxial stretching of the LC polymer and, thus, requiring a longer manufacturing time than ordinary extru- 

30 sion coating as employed in the art of high speed production of packaging laminates. 

[0016] Since it has generally been considered impossible to extrusion coat a fiat thin film of LCP onto a substrate 
in the manufacture of a laminated packaging material, development and research efforts have instead been spent on 
alternative methods of making barrier films or layers of LCP. 

[001 7] According to one route of research and development, the LC polymer is blended with a second thermoplas- 
35 tic, isotropic polymer in order to improve the melt processability, as disclosed in WO 95/23063. The suggested preferred 
thermoplastic polymers for providing the desired melt processability properties are polyolefins such as LDPE. Blending 
decreases the anisotropic behaviour of LCP and thereby decreases the effect of orientation. Stilt, orientation in biaxial 
directions is said to be preferred in order to prevent brittteness. According to WO 95/23063, the blends may be extrusion 
coated onto for example a paper web substrate and are said to provide good gas barrier properties despite the dilution 
40 with a non-barrier polymer. In particular, the blends are processed in such a way that the morphology of the LCP/ iso- 
tropic polymer is laminar, the LCP forming the continuous phase and the isotropic polymer being gathered at the sur- 
face areas of the LCP layer in the form of overlapping lamellae. In practice, blends between two such different polymers 
are not processable into a film without the use of compatibilising compounds, in the form of function alised reactive pol- 
ymers. 

45 [0018] In particular, it is very difficult to extrude homogeneous layers with constant thickness from the blends of 
LCP and polyolefin. The LCP in the blend forms lumps within the blend, which in turn renders the extruded layer une- 
ven. At the position of each lump there will be a protrusion, while in the surrounding layer there will be an area of lower 
thickness. Naturally, such irregularities in the thickness of the extruded layer negatively affects the adhesion between 
the blend layer and the adjacent layers. 

so [0019] Optimisation of the blend composition in relation to barrier properties, processability and adhesion to adja- 
cent layers is thus complex and time consuming, in practice by necessity involving also a compatibilising compound as 
third component in the blend. 

[0020] According to other routes of research and development, films are manufactured from a LCP melt by devel- 
oping the techniques of biaxially orienting the LCP in the process of making the LCP one- or multilayer films. EP503063 
55 discloses a composite film containing an LCP layer and a thermoplastic layer laminated on at least one surface of said 
crystal polymer layer and methods of manufacturing such films and layers by coextrusion techniques, whereby biaxial 
orientation of the LCP is achieved, US patent No. 5589236 describes a method of controlling the LCP molecular orien- 
tation in such a way that molecular orientation in one first direction in one layer or part of a layer, by a first angle with 



3 



EP 1 059 162 A2 



respect to the machine direction, is balanced by molecular orientation in a second, opposite direction in a second layer 
of part of the layer, by the same angle with respect to the machine direction, thus compensating and counter-balancing 
tensions within the film or layer in such a way that curling of the resulting film is avoided. The object of the invention as 
described in US5589236 is, thus, to provide planar films and layers, which do not curt due to tensions resulting from 

5 different coefficients of thermal expansion between and within layers. 

[0021] The main drawbacks of the processes described in EP503063 and US5589236 are that special equipment 
and film formation dies need to be employed in order to be able to melt process the LCP and achieve the desired biaxial 
orientation. Longer time for manufacturing of the LCP film is required as well as more complex equipment, than is 
desired in the art of producing liquid food carton packaging laminates. It is still difficult to obtain a film that is planar with- 

w out inherent tensions due to molecular orientation and the process must be carefully optimised with respect to this phe- 
nomenon. 

[0022] Thus, there remains a need to find a simple economical and reliable process of incorporating a thin, flexible 
layer of homogeneous LCP in a packaging laminate. 

15 DISCLOSURE OF THE INVENTION 

[0023] It is therefore an object of the present invention to realise a novel, cost-effective, well-integrated, laminated 
packaging material of the type described by way of introduction, which possesses excellent barrier properties, in par- 
ticular barrier properties against oxygen gas, but also good liquid barrier properties as well as good mechanical prop- 
20 erties, such as high flexibility and good adhesion between the layers of the laminate. 

[0024] Another object of the invention is to realise a packaging material having excellent non-scaJping properties 
towards migrating substances from the packaged product in to the package wall material. 

[0025] A further object of the present invention is to realise a packaging material for producing packaging contain- 
ers, which are particularly well suited for aseptic packaging and long term storage of liquid food products as well as for 

25 "extended shelf life" (ESL) packaging. 

[0026] These objects are attained according to the present invention by a laminated packaging material comprising 
a core layer of paper or carton and a barrier layer of a liquid crystal polymer (LCP), which LCP is applied in a quantity 
of from 2 to 1 0 u.m and is coextrusion coated together with at least one intermediate bonding layer onto the core lyaer 
in such a way that the LCP of the barrier layer is substantially mono-oriented. 

30 [0027] Such a packaging laminate has, thus, not been thought possible and economical to produce up to now, due 
to problems with melt processability and bad mechanical properties of the film or layer In the direction transverse to the 
machine direction (TD). The major advantage achieved by such a packaging laminate is, increased crystallinity and 
alignment of the LCP molecules within the LCP layer and thereby increased barrier properties, since the polymer mol- 
ecules are closer together. Improved barrier properties are reliably obtained although the LCP layer now can be made 

35 thinner than was previously possible. Furthermore, the gas barrier properties are improved in environments with high 
humidity. Quite contrary to EVOH and PVOH, the LCP material can thus be used as a barrier material even in direct 
contact with liquid and moisture. The oxygen barrier is even improved at increasing humidity due to a plasticising effect. 
The water molecules are plugging gaps, I.e. imperfections in the crystalline structure of the LCP molecules, and thus 
further improving the tightness properties of the LCP layer against most substances. Actually, the LCP material per- 

40 forms best in terms of barrier properties when it has direct contact with the liquid food product to be packed, in a con- 
tainer of the packaging laminate of the present invention. 

[0028] The moisture vapour barrier is superior to that of HDPE as well as that of oriented polypropylene (OPP). 
[0029] LC polymers are comparable to polyethyleneterephtalate (PET) in terms of scalping and is thus to be con- 
sidered as a so-called "non-scalping" material. 
45 [0030] Furthermore, the light barrier of LCP is generally better than that of for example LDPE, which is an advan- 
tage for long term storage of filled packages. 

[0031] In the packaging laminate according to the invention, the core layer comprises a paper or paperboard layer. 
Preferably, the thickness and rigidity of the paper core layer is such that a self-supportable packaging container having 
the shape of a brick or a gable-top is obtainable by fold-forming and sealing of the packaging laminate. 

so [0032] The liquid crystalline polymer employed may comprise an aromatic main chain thermotropic polymer, pref- 
erably a thermotropic polyester, poly (ester amide), poly(ester ether), poly(ester carbonate) or poly(ester imide). Pref- 
erably, it comprises a copolymer of a polyester, such as a copolymer of poly (ethylene terephthalate) and hydroxy 
benzoic acid or a copolymer of hydroxy naphthoic acid and hydroxybenzoic acid. Generally, the liquid crystalline polymer 
can be defined as a polymer which is formed when the components of the following general formulas (or at least two of 

55 them) are reacted with each other: a dicarboxylic acid of formula HOOC-R r COOH, a diol of formula HO-R 2 -OH, and 
an oxycarboxylic acid of formula HO-R 3 -COOH, wherein R v R 2 and R 3 represent a bivalent aromatic hydrocarbon 
group, a group of formula R 4 -X-R 5 , wherein R 4 and R 5 represent a bivalent hydrocarbon group and X is an oxygen or 
a sulphur atom, a sulphonyl, carbonyl, alkylene, or ester group or X is a single bond, a xylylene group or a bivalent 
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aliphatic hydrocarbon group. The liquid crystalline polymer can also comprise a homopolymer of an oxycarboxylic acid 
of formula HO-R 3 -COOH. 

[0033] Examples of commercially available LCPs of the class aromatic copolyesters are Vectra ® (Hoechst-Cela- 
nese), Xydar ® (Amoco Performance Products), HX type LCPs (Du Pont), Eikonol and Sumikasuper ® (Sumitomo 

5 Chemical) Rodrun ® (Unitika) and Granlar ® (Granmont). 

[0034] More preferably, the LCP is an aromatic copolymer based on p-hydroxybenzoic acid and hydroxynaphthoic 
acid (PHB/ HNA) or a copolymer from polyethyleneterephthalate and p-hydroxybenzoic acid. Most preferably, the LCP 
is a PHB/HNA based aromatic copolymer marketed under the trade name Vectra A 950 ® or a LCP polymer marketed 
as Vectra RD 501 ®. The most preferred LCP, i.e. Vectra A 950 ® resembles LDPE (the one usually employed in the 

10 field of packaging has a melt index (Ml) of about 6-8 g/10 min at 190 °C and 2,16 kg (ASTM 1278) with regards to vis- 
cosity properties, and therefore is the most suitable LCP for coextrusion lamination with said LDPE. 
[0035] The barrier layer of LCP is coextrusion coated together with at least one intermediate bonding layer on the 
core layer. Such a packaging laminate is highly cost advantageous due to the efficient method of manufacturing and 
has excellent adhesion between the layers, insofar as an intermediate bonding layer suitable for adhering to the specific 

15 LCP layer is selected. Furthermore, the encapsulating coextrusion layers help to support and distribute the layer thick- 
ness of the LCP layer evenly. It is preferred that the adhesive polymer is suitable for melt processing at a temperature 
close to that of the LCP and has about the same rheologic behaviour, in order to provide optimal adhesion. Preferably, 
the intermediate bonding layer, adjacent to the barrier layer, comprises an adhesive olefin copolymer containing glyci- 
dylmeth aery late groups. The oxirane ring of the glycidyl methacrylate is very reactive and has been found to be highly 

20 advantageous for creating adhesion to the LCP layer. More preferably, the adhesive polymer of the intermediate bond- 
ing layer is a random terpofymer of ethylene, acrylic ester and glycidylmethacrylate. Most preferably, the adhesive pol- 
ymer is a random terpolymer of ethylene, methyl acrylate and glycidylmethacrylate. A well functioning example of such 
an adhesive polymer is available from Elf Atochem, i.e. "Lotader AX 8900" ®. 

[0036] The barrier layer is applied in the packaging laminate in a quantity of from about 2 to about 1 0 um, preferably 
25 of from about 3 to about 7 um, most preferably of from about 3 to about 5 um. Films or layers of a uniaxially oriented 
LCP layer having such low thickness has hitherto not been possible to produce. 

[0037] At thicknesses below 3 um, in some cases below 2 um, the thickness of the film or layer obtained will not be 
reliably even and difficulties during the melt extrusion process will occur. At thicknesses higher than about 7 urn, in 
some cases higher than 10 um, the extruded film or layer obtained may suffer from having anisotropic mechanical prop- 

30 erties, i.e. the LCP may show weakness and inflexibility in the direction transverse (TD) to the machine direction. Above 
all, thicker layers of LCP are unnecessary, since the cost of the packaging laminate will become higher without any 
increase of the barrier properties. The most preferable thickness of the LCP layer has been found to be about 5 um. At 
this thickness, barrier properties are optimally balanced against mechanical properties in the TD of the film. It has sur- 
prisingly been found that, at low thickness of the LCP layer excellent gas barrier properties are obtained as well as 

35 mechanical properties, i.e. excellent elongation at break, no weakness or brittleness in the TD of the layer being expe- 
rienced. The conclusion that the LCP layer in the laminated packaging material according to the present invention has 
excellent elongation at break values in the TD, can be made by the fact that the oxygen barrier values measured in filled 
packages are excellent. The oxygen barrier of one-liter filled Tetra Brik® packages sealed by ultrasonic heat sealing, 
tested according to ASTM D3985-B4 was at least 0.3, actually 0.25 cc/ 24 h/ 0.21 atm. 0 2 at 23 C, 50 % RH or better, 

40 and may at process optimisation become preferably 0.1 cc/24 h/0.21 atm. or better. The structure of the laminated 
material was / LDPE/ paperboard/ LDPE/ adhesive polymer/ LCP/ adhesive / LDPE/ in amounts of /1 21 paperboard/ 20 
/5/5/5/20/g/m 2 . 

[0038] An LCP oxygen barrier layer does not crack or deteriorate at corners and double folded areas (so called K- 
crease zones) when fold forming the package to the same extent as an aluminium foil does. Eventual cracks are fewer 

45 and much smaller and finer. The good elongation at break properties of LCP polymers are important in the folding 
zones since the material is bent at folding and the LCP layer needs to be able to elongate over the bended core layer. 
Furthermore, an important advantage with the LCP gas barrier layer compared to some other polymer gas barrier mate- 
rials is, that its gas barrier properties are improved by the influence of moisture, i.e. the gas barrier properties of the 
material are better in a package filled with liquid than in an empty package. 

50 [0039] According to a preferred embodiment of the invention, the other side of the gas barrier layer facing away 
from the core layer is bonded to a layer of a thermoplastic heat sealable polymer by means of an intermediate layer of 
adhesive polymer. Such a heat sealable layer of thermoplastic polymer preferably has a thickness and quality usual in 
the field of heat sealable packaging laminates. Preferred examples of suitable thermoplastic heat sealable polymers are 
polyolefins, such as polyethylenes, or polyethyleneterephthalate (PET). 

55 [0040] The intermediate bonding layer preferably comprises an adhesive polymer as defined above. 

[0041] The gas barrier layer is coextrusion coated together with the adjacent layers of adhesive polymer and ther- 
moplastic heat sealable polymer on the core substrate layer. The advantage of such a laminate is that it is highly cost 
effective, since all polymer layers on the inside of the packaging laminate, i.e. on the side which is to face the packaged 
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product in a packaging container obtained from the packaging laminate, may be extruded in one operation. Such a lam- 
inate has hitherto not been possible to produce with the desired thicknesses of a uniaxially oriented LCP barrier layer 
as well as satisfactory interlayer adhesion between the layers. 

[0042] Preferably, the other side of the core layer facing away from the barrier layer is also coated with an outer layer 
5 of a thermoplastic heat sealable polymer. 

[0043] According to a further aspect of the invention, a method of manufacturing the laminated packaging material 
is provided. 

[0044] The method comprises coextrusion coating the barrier layer together with at least one intermediate bonding 
layer onto the core layer in such a way that it is stretched in substantially only one direction (the machine direction), the 
w LCP polymer layer thus being substantially uniaxially oriented and applied in a quantity of from 2 to 1 0 urn. 

[0045] Preferably, the extrusion die is of the type fixed width coat hanger die or/and an internally deckled die, pro- 
vided with a device for distributing the individual layers independently from each other, for example a feedblock. Deckles 
have the function of restricting the extruded polymer from a wider die to the desired width which is usually the width of 
the substrate web. 

75 [0046] Such a die, contrary to for example an externally deckled die, provides a smooth flow of the LCP melt without 
so-called dead zones where orientation would occur and, thus, does not disturb the layered structure of the polymer 
formed within the die unit, in order to obtain uniaxial orientation in a thin extrusion coated layer. The dwell time of the 
LCP within the die should be as short as possible. 

[0047] Preferably, the pressure of the LCP melt in the extrusion die should be kept constant by means of a melt 
20 pump in combination with the LCP extruder. 

[0048] A constant melt pressure provides a uniform shear rate in the die unit and, thus, smooth flow of the polymer. 
This is also highly important in order to keep the layered structure of the polymer. 

[0049] The barrier layer is extruded to a thickness of from about 2 to about 1 0 ujti, preferably from about 3 to about 
7 p,m, most preferably to about 5 urn 
25 [0050] The method comprises coextrusion coating the barrier layer together with the adjacent layers of adhesive 
polymer and thermoplastic heat sealable polymer on the core layer. By this method, the LCP barrier layer will have sup- 
port from the surrounding polymer layers and will more easily be kept even and uniform over the whole area of the film, 
or laminate. 

[0051] Advantageously, the difference between the melt processing temperature of the LCP polymer and the melt 
30 processing temperature of the polymers of the adjacent layers is sufficiently small so that shear forces occurring 
between the layers at cooling after coextrusion lamination are eliminated or substantially reduced. 
[0052] If the difference in melt processing temperatures is too great, the polymer layers will solidify at different occa- 
sions downstream the process. This may cause bond rupture between the layers and thereby loss of adhesion. 
[0053] A preferred method of manufacturing the packaging laminate of the invention comprises the steps of co- 
35 extruding a multilayer film including the LCP barrier layer, pre-treating the surface of the core layer substrate in order to 
activate it, optionally pre-treating the contact surface of the freshly extruded multilayer film, and subsequently bringing 
the pre-treated surfaces to adhere to each other by the application of pressure. 

[0054] Preferably, the core layer substrate is surface activation treated by means of a dry vacuum based surface 
activation method, such as plasma, corona or flame treatment and, optionally, the core layer contact side of the multi- 
40 layer film may be treated with ozone. 

[0055] According to a third aspect of the invention, a configu rationally stable packaging container manufactured 
from the packaging laminate of the invention is provided. 

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS 

45 

[0056] The present invention will now be described in greater detail hereinbelow with the aid of embodiments and 
with reference to the accompanying Drawings, in which: 

Figures 1a, 1b, 1c and 1d are cross-sectional views of laminated packaging materials according to the present 
so invention; 

Figure 2 schematically illustrates a method of manufacturing of the respective laminated packaging material 
described in conjunction with Figure 1; 

Figure 3 schematically illustrates an apparatus for carrying out the method of the invention, and 
Figures 4a and 4b are side elevations in perspective of conventional, configurationally stable packaging containers 
55 which are produced from a laminated packaging material according to the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0057] Referring to Fig. 1a, a cross-sectional view is shown of a preferred laminated packaging material 10a 
according to the present invention. The packaging material 10a includes a core layer, preferably of a configurationaily 
5 rigid but foldable paper or paperboard. Alternatively, the core layer 1 1 may be made of a thicker, more rigid layer of plas- 
tics, such as preferably foamed plastics. On one side of the core layer 11, there is applied a barrier layer 12 of a liquid 
crystal polymer of the type 'Vectra A 950" ®. The LCP is substantially uniaxially oriented and the thickness of the layer 
is about 5 urn. 

[0058] The barrier layer 1 2 is bonded to the core layer 1 1 by means of a layer of a thermoplastic polymer 1 3, in par- 
io ticular a polyethylene, such as low density polyethylene (LDPE), directly adjacent to the core layer, and a layer of an 
adhesive polymer 14, between the LDPE layer 1 3 and the barrier layer 12, comprising a random terpolymer of ethylene, 
acrylic ester and gfycidylmethacrylate, Lotader AX 8900 ®. 

[0059] This particular type of adhesive polymer has proven to be most advantageous for obtaining adhesion 
between the LCP layer and its adjacent layers, compared to other adhesives normally used in packaging laminate pro- 

is duction. It is crucial that the properties of a package for long term storage of liquid food products stays intact and that 
the layers of the packaging laminate remain well integrated with each other, i.e. that the adhesion between the layers of 
the packaging laminate is maintained. Thus, adhesion tests were performed on various packaging laminates carried out 
in accordance with the invention. Comparative adhesion tests performed on identical laminate structures, except for the 
choice of adhesive polymer, showed that the samples employing the adhesive polymer Lotader AX 8900 ® gave a very 

20 good bond to the adjacent LCP and LDPE layers. At the point of breakage, a cohesive failure in the LCP layer itself 
occurred. 

[0060] When other adhesives, such as carboxylic acid or maleic anhydride modified polyolefins common in this field 
of technology are used, still good adhesion may be obtained, however, with final failure at the interface between the lay- 
ers. Failure at the interface between layers is, however, less desirable/ preferable in laminates for liquid packaging. 
25 [0061] These results show that the best possible adhesion to the LCP layer is obtained by using said copolymer of 
ethylene, acrylic ester and glycidylmethacrylate. 

[0062] Thus, when the adhesion in a five-layer laminate of 19 u,m LDPE, 7 \xm adhesive polymer, i.e. Lotader AX 
8900 ®, 7 Jim LCP, 7 urn adhesive polymer and 16 ^im LDPE was tested by an Instron peel test method after 3 weeks 
storage of the laminate, there was cohesive failure in the LCP layer at about 1 14,5 N. 
30 [0063] The thermoplastic polymer of layer 1 3, may alternatively comprise a polyethylene of the type linear low den- 
sity polyethylene (LLDPE) or metal locene-polyethylene (m-PE) or blends of these with LDPE. 

[0064] On the other side of the LCP barrier layer 12, which is turned to face away from the core layer 1 1 , an outer 
heat sealable layer 15, of a thermoplastic polymer of the same or different kind from the bonding layer 13, is applied, 
which is bonded to the barrier layer 1 2 by means of a second intermediate layer 1 6 of said adhesive polymer, 
as [0065] The outer heat sealable layer 15, preferably is applied in an amount of at least 15 g/m 2 more preferably at 
least 20-25 g/m 2 . 

[0066] On the opposite side of the core layer, which is to constitute the outer surface of a package manufactured of 
the packaging laminate of the invention, a second outer heat sealable layer 17, of the same or different kind of thermo- 
plastic heat sealable polymer as in layers 13 and 15, is applied in an amount of preferably at least 10 g/m 2 , more pref- 
40 erably 10-15 g/m 2 . 

[0067] The five layers 12, 13, 14, 15 and 16 are preferably all coextrusion coated together, but may alternatively, 
according to a less advantageous embodiment, be applied onto the substrate core layer 1 1 by means of coextruding 
layers 12, 13 and 14 in a first step and coextrusion coating the layers 15 and 16 onto the barrier layer 12 in a second 
step. 

45 [0068] Referring to Figure 1b, a cross-sectional view of another preferred laminated packaging material 10b 
according to the present invention, is shown. The packaging laminate 10b has essentially the same structure as the 
packaging laminate 10a, wherein the barrier layer 12, however, is bonded to the core layer 1 1 directly by a layer of an 
adhesive polymer 14, the polyolefin layer 13 being omitted. 

[0069] The four layers 12, 14, 15 and 16 are preferably all coextrusion coated together onto the core layer substrate 
50 11. 

[0070] The packaging laminate structures of Figure la and Figure 1b are highly suitable for the manufacture of 
packaging containers of the Tetra Brik® type, for aseptic packaging, by means of heat sealing (see also the description 
to Figure 4b). 

[0071] In Figure 1c, a cross-sectional view of another preferred laminated packaging material 10c of to the present 
55 invention, is shown. 

[0072] The packaging material 1 0c includes a core layer, preferably of a configurationaily rigid but foldable paper or 
paperboard. On one side of the core layer 11, there is applied a barrier layer 12 of a liquid crystal polymer of the type 
■Vectra A 950" ®. The LCP is substantially uniaxially oriented and the thickness of the layer is about 5 um 
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[0073] The barrier layer 1 2 is bonded to the core layer 1 1 by means of a layer of a thermoplastic polymer 1 3, in par- 
ticular a polyethylene, such as low density polyethylene (LDPE), directly adjacent to the core layer, and a layer of an 
adhesive polymer 14, between the LDPE layer 13 and the barrier layer 12, comprising a random terpolymer of ethylene, 
acrylic ester and glycidylmethacrylate, Lotader AX 8900 ®. 

5 [0074] On the opposite side of the core layer, which is to constitute the outer surface of a package manufactured of 
the packaging laminate of the invention, an outer heat sealable layer 1 7, of the same or different kind of thermoplastic 
heat sealable polymer as in layer 13, is applied in an amount of preferably at least 15 g/m 2 . 
[0075] The three layers 12, 13 and 14 are coextrusion coated together onto the core layer substrate 1 1 . 
[0076] Referring to Figure 1d, a cross-sectional view of another preferred laminated packaging material 10d 

io according to the present invention, is shown. The packaging laminate 10d has essentially the same structure as the 
packaging laminate 10c, wherein the barrier layer 12, however, is bonded to the core layer 11 directly by a layer of an 
adhesive polymer 14, the polyolefin layer 13 being omitted. 

[0077] The two layers 12 and 14 are coextrusion coated together onto the core layer substrate 11. 
[0078] The packaging laminate structures of figure 1 c and Figure 1 d are highly suitable for the manufacture of pack- 
is aging containers of the Tetra Rex®, gable-top type, for ESL packaging, by means of lower speed heat sealing or alter- 
native sealing methods (see also the description to Figure 4a). 

[0079] Figure 2a schematically illustrates a preferred method of manufacturing the laminated packaging materials 
of Figure la, 1b, 1c and 1 d respectively. 

[0080] A web of a paperboard substrate core layer 1 1 is unwound from a roll (not shown) and forwarded through a 

20 surface activation station 21 , where the surface is activated by means of corona and/or flame treatment 

[0081] The layers 1 2-1 6, as set out in the Figures 1 a to 1 d, are coextruded 22 by generating a two-, three-, four- or 
five-layer not fully integrated pre-film 24 respectively in the feedblock of a die unit of a coextrusion device 22, the multi- 
layer p re-film 24 being drawn and led through an air-gap 25 between the die and the forward running paperboard sub- 
strate web 1 1 into a roller nip 26 between a chill roller 27 and a counter pressure roller 28. 

25 [0082] The LCP barrier polymer, the adhesive polymer and the thermoplastic heat sealable polymer exit the die gap 
at a relatively low, steady speed. As the multilayer pre-film is drawn towards the roller nip 26, the speed by which the 
pre-film 24 is forwarded is accelerated. The substrate web travels forward in the lamination process at at least 300-400 
m/min and pulls the pre-film down into the nip. Due to said acceleration, the LC polymer of the barrier layer 12 is 
strongly oriented in the direction of the running web, i.e. the machine direction (MD). Although, the LCP to some extent 

30 is multiaxially oriented within the die unit of the coextrusion device 22, the subsequent strong orientation in the MD 
makes the film substantially uniaxially oriented. Any orientation in the transversal direction, or other directions than the 
MD, within the LCP layer is negligible. The ratio of the speed of the substrate web (the speed at the roller nip) to the 
speed of the extruded film at the die is about 3-4 times higher than in the process of extrusion casting of sheets or films, 
which clearly shows the substantialy more difficult circumstances of coextrusion processes. 

35 [0083] The thickness of the LCP barrier layer 12 is preferably about 3-7 jim, most preferably about 5 |xm. Surpris- 
ingly, the mono-oriented LCP layer will not be brittle or inflexible at ail in the TD of the layer. Even if a piece of the layer 
is twisted or squeezed into a little ball of plastics, the material will not crack or split. This is highly advantageous for the 
manufacture of configuration ally stable packaging containers by means of fold-forming a packaging laminate including 
a rigid but foldable core layer, since the risk of cracks in the LCP layer at folds and corners of the package is eliminated 

40 or substantially reduced. 

[0084] The coextruded and still hot, molten multilayer pre-film 24 is brought to adhere to the paperboard substrate 
web and to become fully integrated, the different layers of the pre-film 24 adhering well to each other, at the roller nip 
26 by means of pressure and the heat from the polymer layers. It is preferred that several polymer layers are coextruded 
together, since the heat of the molten pre-film will be better kept until it reaches the substrate surface and, thus, adhere 

45 better between themselves and to the paper web. The thicker layers involved in the pre-film, the higher heat energy is 
supplied in order to secure adequate bonding between the layers in the laminate. 
[0085] The temperature of the chill roller 27 should preferably be from about 8 to about 1 5 °C. 
[0086] The thermoplastics coating 17 may be applied by extrusion coating of the other side of the core layer 1 1 , 
which is turned to face away from the gas barrier layer 12, either before or after the coextrusion coating method shown 

so in Rgure 2a. 

[0087] The thus on both sides extrusion coated paperboard web 11 ' is forwarded and may be wound onto a second 
roll (not shown). 

[0088] Rgure 2b schematically illustrates an alternative but less preferred method of manufacturing the laminated 
packaging materials of Figure 1a and 1b respectively. 
55 [0089] A web of a paperboard substrate core layer 1 1 is unwound from a roll (not shown) and forwarded through a 
surface activation station 21, where the surface is activated by means of corona and/or flame treatment. 
[0090] The layers (1 3), 1 4 and 1 2, as set out in Figures 1 a and 1 b, are coextruded in said order in a first coextrusion 
coating step, by generating a two- or three-layer not fully integrated pre-film 24' respectively in the feedblock of a die 
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unit of a coextrusion device 22', the multilayer pre-film 24' being drawn and led through an air-gap 25 between the die 
and the forward running paperboard substrate web 1 1 into a roller nip 26 between a chill roller 27 and a counter pres- 
sure roller 28. The coextruded and still hot, molten multilayer pre-film 24' is brought to adhere to the paperboard sub- 
strate web 1 1 and to become fully integrated, the different layers of the pre-film 24* adhering well to each other, at the 
5 roller nip 26 by means of pressure and the heat from the polymer layers. It is preferred that three polymer layers are 
coextruded together, since the heat of the molten pre-film will be better kept until it reaches the substrate surface and, 
thus, adhere better to the paper web. 

[0091] In a second coextrusion coating step, the layers 1 6 and 15 are coextruded in said order onto the surface of 
the previously coextruded barrier layer 12, by a second coextrusion device 22", following a surface activation treatment 
io in a corona and/or flame treatment station 29. 

[0092] The thermoplastics coating 17 may be applied by extrusion coating of the other side of the core layer 1 1 , 
which is turned to face away from the gas barrier layer 12, either before or after the coextrusion coating method shown 
in Figure 2b. 

[0093] The thus on both sides extrusion coated paperboard web 1 1 " is forwarded and may be wound onto a second 
75 roll (not shown). 

[0094] Figure 3 schematically illustrates an extrusion device 30 for carrying out the method of the invention, com- 
prising a first extruder 31a for extruding LCP, a second and, optionally, a third extruder 31b and 31c for extruding poly- 
mers intended for layers adjacent to the LCP layer as well as a die unit 32. The extruder 31 a has a raw material hopper 

33 for charging granules of the raw material LCP and a cylinder body 34 having a screw 35 of conventional type pro- 
20 vided therein, said screw being rotatable around its longitudinal axis and being driven by an electrical or hydraulic motor 

36 having variable rotation speed. The raw material is charged into the hopper 33 and falls down into the cylinder body 

34 which is heated with external heating radiators or heating coils 37. In the cylinder body 34 the LCP is heated by the 
heating coils 37 and distributed by friction during transport forwards through the cylinder body 34 by the rotating screw 
35. Preferably, the mixing of the LCP in the screw should be performed as gently as possible at as low shear rates as 

25 possible. When the LCP reaches the other end of the heated cylinder body 34, it is a uniform melt which by means of 
the screw and an extra melt pump 38 is pumped through a so-called piping 39 between the cylinder body 34 and the 
die unit 32 and, thus, injected at constant pressure into the die unit. The extra melt pump 38 in the LCP extrusion device, 
thus, keeps the pressure of the LCP melt before the die unit 32 constant, preferably at about 40-50 bar. If the variations 
in the pressure of the LCP melt are too great, extrusion of an even, flat film or layer will become very difficult. 

30 [0095] Simultaneously, the polymer melts for adjacent polymer layers are fed by similar equipment into the die unit 
32 by the second and, optionally, third extruders 31b and 31c. However, no extra melt pump is needed for feeding these 
polymer melts into the die unit 32. The pressure will easily be kept constant by means of the extruders only, since these 
polymer melts are normally much easier to melt process than LCPs. The different polymer feeds are distributed into a 
desired number of channels of a multi-layer feedblock (not shown) being part of the entrance of the die unit 32 and 

35 extruded through the die out of the die gap as a multilayer hot pre-film, still not having full adhesion between the layers. 
The hot pre-film is applied directly onto a running substrate web, preferably a web of a paperboard layer. The distance 
between the die gap of the die unit, through which the polymer melts exit, and the substrate web surface, i.e. the so- 
called air gap, should be sufficiently short so that the LCP does not crystallise while the polymer of the adjacent layer 
is still a melt, preferably as short as possible. Preferably, the air gap should be shorter than about 200 mm, more pref- 

40 erably shorter than about 180 mm and most preferably shorter than 160 mm. If the air-gap is too big, the cooling rate 
of the different polymers in the different layers may cause the LCP layer to solidify earlier than the adjacent layers in the 
roller nip, which may influence the adhesion between the layers and the structure at the interface between the layers 
negatively. 

[0096] In a typical extrusion coating lamination operation according to the invention, an LCP of the type "Vectra A 
45 950" ® is extruded together with LDPE having a Ml of about 7 g/10 min at 190 °C and 2,16 kg (ASTM 1278) and an 
adhesive polymer being a random terpolymer of ethylene, acrylic ester and glycidylmethacrylate available from Elf Ato- 
chem, called "Lotader AX 8900' ®. 

[0097] It is important that the different polymers to be co-extruded are matching each other with regards to rheolog- 
ical behaviour and flow properties, in order to be able to reliably extrude thin even layers. The viscosity ratios should 

so accordingly be as close to unity as possible at the shear rate in the die in order to get stable laminar flows in the die. 
This is especially important for the LCP and the polymers of the layers directly adjacent to the LCP layer. The viscosities 
of the above polymers converge at shear rates somewhere above 100 s" 1 . In general, the ratio between the viscosity of 
the LCP polymer and the polymers to be coextruded should lie within from 1:4 to 4:1 , in order to be coextrudable. More 
preferably, the ratio should be between 1 :3 and 3:1 , most preferably about 1 :1 . If the differences in viscosities and rhe- 

55 ological behaviour are too great, edge encapsulation of the higher-viscosity polymer by the lower-viscosity polymer may 
occur, i.e. the thickness of the higher-viscosity polymer will be reduced at the edges of the extruded film/layer. Further- 
more, there is a risk for so-called interfacial disturbance, i.e. flow disturbances causing variations in the lay r thick- 
nesses. 
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[0098] For the range of shear rates in the die unit employed at the extrusion coating process of the invention, i.e. 
from 1 0 to 1 0000 s*\ preferably from about 1 00 to about 2000 s" 1 , the polymers to be coextruded should have viscos- 
ities within the range of from 1 to 1000 Pas, preferably from 1 to about 100 Pas. 

[0099] The screw 35 to be used for the extrusion of LCP should have a high mixing capacity. In the typical extrusion 

5 coating lamination operation according to the invention, the cylinder body 34 and the screw 35 comprises a first, sec- 
ond, third and fourth mixing zone, 34a, 34b, 34c and 34d respectively. The temperature is carefully controlled through- 
out the LCP extrusion equipment. Typically, the temperature in the first mixing zone 34a is kept by the heating coils 37 
at about 285-290 °C and the temperature of the second, third and fourth mixing zones is kept at about 290-300 °C. The 
temperature of the piping 39 between the cylinder body 34 and the die unit 32 as well as the melt pump 38 is kept at 

w about 300 °C, while the temperature of the die unit 32 is kept at about 31 0 °C. 

[0100] The said LDPE polymer may similarly be kept at about 300 °C during extrusion, while said adhesive polymer 
is kept at about 260 °C. The difference in melt processing temperatures of the different polymers to be coextruded 
should be sufficiently small so that shear forces occurring between the layers at cooling after coextrusion lamination are 
eliminated or substantially reduced. 

is [0101] The die gap of the die unit 32 advantageously is about 0,6 mm in this typical extrusion coating lamination 
operation of the invention. The air gap, i.e. the distance between the die gap of the die unit 32, through which the poly- 
mer melts exit, and the substrate web surface, should be as short as possible - in this case about 1 70 mm. 
[0102] The running speed of the web substrate on to which the LCP is extrusion coated, was easily kept at about 
300 m/min and was occasionally increased to about 400 m/min. 

20 [0103] The LCP was coextruded together with adjacent layers of adhesive polymer and, adjacent to the other side 
of the adhesive layers, with layers of LDPE onto a running substrate web of paperboard. The thus coextrusion coated 
LCP barrier layer was even, flat and homogeneous in its uniaxially oriented morphology and had a thickness of approx- 
imately 5 urn. 

[0104] The gas barrier properties were measured on the laminate structure of Figure 1a, manufactured by the 
25 method of Figure 2a. The layer thickness were about 20 g/m 2 of LDPE, 5 g/m 2 of adhesive polymer, 5 g/m 2 of LCP, 5 
g/m 2 of adhesive polymer and 20 g/m 2 of LDPE. The measurement data are presented as [cm3,u.m/(m2,24 hrs, 1 atm] 
at 50/80% RH with air being the test gas. 

Vectra A950: 39.9/39.0 average, 0.3/1.8 standard deviation 
30 Vectra RD501 : 78.9/52.5 average, 2.4/9.0 standard deviation 

[0105] The gas barrier obtained is directly proportional to the thickness of the barrier layer 1 2. As can be seen from 
the above, the oxygen barrier values are at least as good and even better at higher relative humidity, i.e. at 80 % RH 
compared to at 50 % RH. 

35 [0106] The moisture barrier properties were measured using a Permatran-W 3/31 plane sample method at 37.8°C 
and 100% RH. It took 6-8 days before the values reported were reached. The permeation was initially about 40-60 
g,nm/(m 2 ,24hrs), n= number of samples. 
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[0107] Light transmission measurements were performed on pure about 50 urn thick films of Vectra A950 and 
RD501 ®, showing light barriers of 0.2% transmission at 300 nm to about 60% transmission at 800 nm. A film of about 
40um thick LLDPE+EAA has a >90% transmission at 300-800 nm. It can thus be concluded that the light barrier of LCP 

so is better than that of pure LDPE. 

[0108] The process for coextrusion lamination and obtaining such a LCP barrier laminate is possible by controlling 
the melt pump flow and thereby the pressure of the LCP melt before the die unit 32, the dimensions of the die unit, the 
die gap, the substrate web speed, the air gap between the die and the substrate surface, the matching of the rheological 
properties of the polymers to be coextruded and their melt processing temperatures and the gentle mixing of the LCP 

55 melt in the mixing zones of the extruder. 

[0109] Figures 4a and 4b schematically illustrate conventional, configurationally stable packaging containers pro- 
duced from a packaging laminate of the present invention. 

[0110] Thus, liquid-tight, dimensionally stable packages 40a and 40b possessing good oxygen gas barrier proper- 
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ties can be produced from the laminated packaging material 1 0 according to the present invention, using known pack- 
ing and filling machines which, in a discontinuous or continuous process, form, fill and seal sheet- or web-shaped 
packaging material respectively, into finished packages 40a; 40b. 

[0111] The packaging containers according to the invention may be provided with an opening device 41, such 

5 opening/ closing devices being generally known in the field of liquid food packaging. 

[0112] The process of converting the laminated packaging material into packaging containers of the type 40b may 
be carried out by, for example, first uniting the longitudinal edges of a web-shaped laminated packaging material 1 0 into 
a tube which is continuously filled with the liquid food product, whereafter individual packages 40b are separated by 
repeated transverse seals of the tube below the level of the contents. The packages 40b are separated from one 

10 another by incisions in the transverse sealing zones and obtain the desired geometric configuration, normally parallel- 
epipedic, by a final folding-forming and sealing process. 

[01 1 3] Alternatively, packages of the type 40a may be realised by fold-forming of sheets into a carton blank capsule 
which is then filled and closed to form a finished package. 

[0114] Heat sealing of laminated packaging material comprising a gas barrier layer of an LCP polymer according 
75 to the invention is preferably carried out by means of ultrasonic heat sealing. It was clearly shown that ultrasonic heat 
sealing methods works very well for packaging laminates comprising gas barrier layers of LCP. In ultrasonic heat seal- 
ing, the materials in the layers of the packaging laminate are vibrated and, if too sensitive, may be broken or destroyed 
by the ultrasonic waves. This proved to be no concern with LCP barrier layers. Ultrasonic sealing resulted in very strong 
sealing and left the LCP polymer layer intact with maintained mechanichal and gas barrier properties. Tests of the filled 
20 and sealed packages showed that they had very good oxygen barrier properties in combination with high seal strength 
at drop testing. The drop test method is a method to determine the impact strength of a package and to locate the weak- 
est point in a package. Filled packages are tested after 24 hours conditioning storage at a determined temperature and 
relative humidity (23 °C and 50 % RH) . The drop testing apparatus is equipped with a leaning slide rail having an angle 
of impact of 90° or 110°. In a first step, the height at which leakage occurs at 90° is determined. The height is deter- 
25 mined from dropping 1 0 packages at various heights. The height at which statistically 50 % of the packages leak is cal- 
culated, and a package is drop tested from that height. Another package is dropped at an adjusted height and in total 
50 packages are dropped and studied for leakage. The same procedure is repeated at 110° dropping angle. From the 
results, the height at which 5 % of the tested packages are leaking is determined. 

[0115] The method has been published as an official "Packforsk Norm PTN 13-70, Rev. 73", and in "Message 
30 Number 18". A very similar standard test method is applied to blow-molded plastic containers, according to ASTM-D 
2463-95 ("Standard Test Method for Drop Impact Resistance of Blow-Molded Thermoplastic Containers"). 
[0116] The structure of the tested laminated materia! was / LDPE/ paperboard/ LDPE/ adhesive polymer/ LCP/ 
adhesive / LDPE/ in amounts of /12/ paperboard/ 20 / 5/ 5/ 5/ 20/ g/m 2 and the packages formed therefrom were one- 
litre Tetra Brik® packages. From the results of the drop tests it was concluded that less than 5 % of the packages 
35 showed any leakage after having been dropped from a height of 1 .75 meters, which indicates very good sealing quality. 
[0117] It will be obvious to a person skilled in the art that the present invention is not restricted to the illustrated 
embodiments, but that various modifications and alterations thereof may be made without departing from the scope of 
the inventive concept as this is defined in the appended Claims. For example, the material structures illustrated in Rg. 
1 are, naturally, not restricted to the illustrated number of layers, but this number may be both greater and smaller, and 
40 may be freely varied in response to the desired use of the packaging material. Likewise, the thicknesses of the different 
layers may vary according to specific requirements of for example the products to be packed, heat sealing requirements 
and market requirements. 

Claims 

45 

1. A laminated packaging material (10) for packaging of liquid food products, comprising a core layer (1 1) of paper or 
carton and a gas barrier layer (12) of a liquid crystal polymer (LCP), characterised in that the gas barrier layer 
(12) of LCP is applied in a quantity of from 2 to 10 u/n and is coextrusion coated together with at least one interme- 
diate bonding layer (1 3, 1 4) onto the core layer (1 1 ) in such a way that the liquid crystal polymer of the barrier layer 

so is oriented in substantially only one direction. 

2. The laminated packaging material (1 0) as claimed in Claim 1 , characterised In that the intermediate bonding layer 
(14), adjacent to the barrier layer (12), comprises an adhesive olefin copolymer containing glycidylmethacrylate 
monomer units. 

55 

3. The laminated packaging material (10) as claimed Claim 2, characterised in that the adhesive olefin copolymer 
is a random terpolymer of ethylene, acrylic ester and glycidylmethacrylate. 
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4. The laminated packaging material (10) as claimed in any of claims 1-3, characterised in that said LCP is an aro- 
matic copolymer based on p-hydroxybenzoic acid and hydroxynaphtoic acid (PHB/ HNA) or a copolymer from pol- 
yethylene terephtalate and p-hydroxybenzoic acid. 

5 5. The laminated packaging material (1 0) as claimed in any of the preceding Claims, characterised in that the barrier 
layer (12) is applied in a quantity of from 3 to 7 urn, more preferably of from 3 to 5 urn. 

6. The laminated packaging material (1 0) as claimed in any of the preceding Claims, characterised in that the other 
side of the gas barrier layer (12) facing away from the core layer (1 1) is bonded to a layer of a thermoplastic heat 

io sealable polymer (1 5) by means of an intermediate layer (1 6) of adhesive olefin copolymer. 

7. The laminated packaging material (10) as claimed in Claim 6, characterised in that the gas barrier layer (12) is 
coextrusion coated together with the adjacent layers of adhesive polymer (1 4, 1 6) and thermoplastic heat sealable 
polymer (13, 15) on the core layer (1 1). 

15 

8. The laminated packaging material (1 0) as claimed in any of Claims 1 to 7, characterised in that the other side of 
the core layer (11) facing away from the barrier layer (1 2) is also coated with an outer layer (1 7) of a thermoplastic 
heat sealable polymer. 

20 9. Method of manufacturing the laminated packaging material (1 0) as defined in any of the preceding claims, compris- 
ing coextrusion coating the barrier layer (12) together with at least one intermediate bonding layer (13, 14) onto the 
core layer (1 1 ) in such a way that the liquid crystal polymer of the barrier layer is oriented in substantially one direc- 
tion and is applied in a quantity of from 2 to about 1 0 ujti. 

25 10. Method of manufacturing the laminated packaging material (1 0) as defined in any of the preceding claims, compris- 
ing coextrusion coating the barrier layer (12) together with the adjacent layers of adhesive polymer (14, 16) and 
thermoplastic heat sealable polymer (13,15) onto the core layer (1 1) in such a way that the LCP polymer is oriented 
in substantially only one direction and is applied in a quantity of from 2 to about 10 um. 

30 11. Method according to Claim 9 or 10, wherein the extrusion die (32) is of the type fixed width coat hanger die or/and 
an internally deckled die, provided with a feed-block. 

12. Method according to any of Claims 9-11, wherein the pressure of the LCP melt in the extrusion die (32) is kept con- 
stant by means of a melt pump (38) in combination with the LCP extruder. 

35 

13. Method according to any of Claims 9-12, wherein the barrier layer (12) is extruded to a thickness of from 3 to 7 um 

14. Method according to any of Claims 9-1 3, wherein the difference between the melt temperature of the LCP polymer 
and the melt temperature of the polymer of the adjacent layers is sufficiently small so that shear forces occurring 

40 between the layers at cooling after coextrusion lamination are eliminated or substantially reduced. 

15. Method according to any of Claims 9-14, comprising the steps of co-extruding a multilayer pre-film (24) including 
the LCP barrier layer (12), pre-treating (21) the surface of the core layer (11) substrate in order to activate it, option- 
ally pre-treating the contact surface of the multilayer film, and subsequently bringing the pre-treated surfaces to 

45 adhere to each other by the application of pressure. 

16. Method according to claim 1 5, wherein the core layer substrate (1 1 ) is surface activation treated by means of a dry 
vacuum based surface activation method, such as plasma, corona or flame treatment and, optionally, the core layer 
contact side of the multilayer film is treated with ozone. 

50 

17. Method of manufacturing a laminated packaging material (10), the laminated material including a core layer (11) 
and a barrier layer (12) comprising a liquid crystal polymer, comprising the steps of coextrusion coating (22) a flat 
layer of the LCP together with further polymer layers onto a substrate web including said core layer by means of an 
extrusion die (32) of the type fixed width coat hanger die or/and an internally deckled die, such that the LCP layer 

55 is stretched in substantially one direction. 

18. A configurationally stable packaging container (30) for the aseptic storage or storage with extended shelf-life of liq- 
uid, oxygen gas-sensitive foods, which is produced by fold-formation and sealing of a sheet- or web-shaped blank 
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of a laminated packaging material (10) as claimed in any of Claims 1 to 8. 

19. A filled packaging container for the aseptic storage or storage with extended shelf-life of liquid, oxygen gas-sensi- 
tive foods, which is produced by fold-formation and ultrasonic heat sealing of a sheet- or web-shaped blank of a 

5 laminated packaging material (10) as defined in any of Claims 1 to 8. 

20. A filled packaging container according to claim 19, characterised in that it, at a volume of 1 litre, exhibits an oxygen 
barrier of better than 0.3, preferably better than 0.25 cc/ 24 h/ 0.21 atm 0 2 , 23 °C, 50 % RH (ASTM D3985-84) and 
performs better than 1 .50 m, preferably 1 .75 m, at drop testing according to ■Packforsk Norm PTN 13-70, Rev. 73", 

w i.e. that less than 5 % of such filled packages leak after having been dropped from a height of 1.50 m, preferably 
from a height of 1 .75 m. 
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(10 a) 



Fig. 1 a 
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(10 b) 



Fig. 1 b 
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Fig. 1 c 
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(40 b) 




Fig. 4 b 
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